88                   The Treatment of Steel

This tearing of the particles from each other when the
hardening terminates in a strict line is not at all times suffi-
cient to cause the steel to break asunder, neither is it at all
times sufficient to show signs of fracture; but whether the
steel breaks asunder or not, or whether there are signs of
fracture or not, this tearing of the particles from each other
when the hardening terminates in a strict line, must always
with highly carbonized steel more or less take place, when
it is known that hardened steel occupies more space than
soft steel, and that the density of the steel is different in the
two states.

When it is required to harden large circular cutters which
have teeth round their circumference, or large cutters hav-
ing teeth on their sides as well as on their circumference, or,
I may state, such cutters as those which have previously
been treated of, they may be enclosed in a sheet-iron case
or box and surrounded on all sides with either wood char-
coal or animal charcoal. The box will require to be luted
with clay or loam, and the whole placed in a furnace or hol-
low fire and heated to redness. A certain amount of time
is essential to allow the steel to soak, or, in other words, to
get heated uniformly throughout. After the cutters are
properly heated they must be lifted out of the box sepa-
rately, not by the tongs or pliers, as they are apt to spoil the
sharp cutting edges of the cutter, but by a rod of iron (the
poker) put through the spindle hole of -the cutter. The
hardener must be provided with a proper tool for bearing,
the cutters while he dips them into the water, as the pliers
do not answer well for this purpose. The most suitable tool
for dipping the cutters is made by taking three pieces of
round iron about j^ of an inch in diameter and 3 or 4